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Abstract 
Environmental impact assessment (EIA) of air pollution diffusion of different kinds of hazardous sources can provide 
support information for decision making of emergency plan preparation and approval of new construction project. A 
GIS-based software was developed as a computer aided tool for EIA of atmospheric pollution dispersion. The 
industrial source complex (ISC3) dispersion models developed by US Environmental Protection Agency were used 
for calculation of the ground-level concentrations for point, area, flare and volume sources. The Fortran code named 
SCREEN3 was integrated to implement ISC3 models. Hybrid programing technology of C# and Fortran was used to 
develop the software. ArcGIS was used as GIS platform to represent the pollutant concentration with contour 
visualization on a map. The developed software can be used as a tool for air pollution assessment with preliminary 
estimation scheme (screening scheme). 
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1. Introduction  
Air pollution caused by industrial constructions and accidental release is a hazard to community [1-2]. 
Air dispersion modeling and information sharing are important for air pollution control and 
management[3]. In China, a new technical guideline for atmospheric environmental impact assessment (HJ 
2.2-2008) was published to substitute the 2003 version [4]. Instead of giving a set of simple modeling 
 
* Corresponding author. Tel.: +86-24-83687757; fax: +86-24-23906316. 
E-mail address: zhongsj@smm.neu.edu.cn. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Conference ESI-
AT2011 Organization Committee.
2011 3rd International Conference on Environmental 
Science and Information Application Technology (ESIAT 2011)
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
2793 Shengjun Zhong et al. /  Procedia Environmental Sciences  10 ( 2011 )  2792 – 2797 
formulas in HJ 2.2-2003, HJ 2.2-2008 recommended several modeling systems to calculate the 
concentration of atmospheric pollutants dispersion. The modeling systems were imported from related 
guidelines and expertise of US Environmental Protection Agency (EPA). The suggested modeling system 
included SCREEN3, AERMOD, ADMS and CALPUFF. The Fortran source codes for implementation of 
all the above mentioned modeling systems were provided by EPA web site. However, the programs were 
written as console applications, and they are inconvenient to use for the EIA end users.  
It is necessary to develop a software tool with graphics user interface (GUI) to input the source 
parameters, and visualize the calculation results with map support. For simplification, only preliminary 
estimation scheme (screen scheme) was implemented in this paper. Fortran and C# hybrid programming 
technology was used to calculate the concentration of the atmospheric pollutants, and ArcGIS was used as 
a platform to visualize the modeling results. 
2. Air Pollution Dispersion Model 
SCREEN3 is a screening version of the Industrial Source Complex Dispersion Models (ISC3)[5]. 
SCREEN3 model uses a Gaussian plume model that incorporates source-related factors and 
meteorological factors to estimate pollutant concentration from continuous sources. It is assumed that the 
pollutant does not undergo any chemical reactions, and that no other removal processes, such as wet or 
dry deposition, act on the plume during the transport from the source [6]. 
For each source and each hour, the origin of the source’s coordinate system is placed at the ground 
surface at the base of the stack. The x axis is positive in the downwind direction, the y axis is crosswind 
(normal) to the x axis and the z axis extends vertically. For a steady-state Gaussian plume, the hourly 
concentration at downwind distance x (meters) and crosswind distance y (meters) is given by: 
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Where:  
Q – pollutant emission rate (mass per unit time); 
K – a scaling coefficient to convert calculated concentrations to desired units (default value of 106 for 
Q in g/s and concentration in ȝg/m3) 
V – vertical term 
D – decay term 
us – mean wind speed (m/s) at release height 
ıy, ız – standard deviation of lateral and vertical concentration distribution (m) 
Equation (1) is the basic formulation to model the plume impacts from point releases, flare releases, 
and volume releases in SCREEN3. The SCREEN3 model uses a virtual point source for volume releases 
and a numerical integration algorithm for modeling impacts from area releases. Although the SCREEN3 
model is a “screening” model, the detail equation system is rather complex. For more detail, please refer 
reference the ISC3 and SCREEN3 manuals [5-6]. 
2.1. Downwind and crosswind distances 
The model in this paper uses a Cartesian receptor network specified by the user. If the X and Y 
coordinates of the source are XS and YS, and the X and Y coordinates of the receptor are XR and YR, the 
downwind distance X to the receptor, along the direction of plume travel, is given by: 
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R S R S- ( - )sin( ) - ( - )cos( )X X X Y YT T                                                              (2) 
Where ș is the direction from which the wind is blowing. The crosswind distance Y to the receptor 
from the centreline is given by: 
R S R S( - )cos( ) - ( - )sin( )Y X X Y YT T                                                                 (3) 
The crosswind distances are to be used in Equation (1). 
2.2. The vertical term 
The vertical term V in Equation (1) accounts for the vertical distribution of the Gaussian plume. It 
includes the effects of source elevation, receptor elevation, plume rise, limited mixing in the vertical, and 
the gravitational setting and dry deposition of particulates. In addition to the plume height, receptor height 
and mixing height, the computation of the vertical term requires the vertical dispersion parameter (ız). 
The calculation of the vertical term was introduced in the ISC3 dispersion model[5]. 
2.3. The decay term 
The decay term in Equation (1) is a simple method of accounting for pollutant removal by physical or 
chemical processes. As the model here does not undergo any chemical reactions, and that no other 
removal processes, the decay term was set to 1.0 in the present investigation. 
3. Architecture and Technology 
The software consists of three modules: diffusion calculation, GIS presentation and assessment 
document preparation. Architecture of this software is shown as Fig. 1. 
 
Figure 1 Software architecture 
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3.1. Diffusion calculation module 
The existing SCREEN3 model code was composed by Fortran language. Fortran programming 
language is widely used in scientific computation, but it is not very good for development of graphical 
user interface (GUI) application. Visual C# is a new generation of Object-Oriented (OO) development 
language, which was especially designed for Microsoft .Net Framework. C# is very efficient for GUI 
development. So hybrid programming of C# and Fortran programming can take the advantage of efficient 
development characteristics of C#, and make full use of the existing SCREEN3 model code. 
SCREEN3 source code was originally designed to calculate ground-level concentrations under the 
plume centerline at the wind blow direction. An extension was made to evaluate the pollutant 
concentrations at positions other than the plume centerline.  
Fortran does not support generating managed code for .Net platform. SCREEN3 Fortran code was 
slightly modified to export some functions and subroutines using “DLLExport” directive. The modified 
Fortran code was built into a dynamic link library (DLL). C# code can call unmanaged code using 
Platform Invoke service, which enables managed code to call the unmanaged function or subroutines 
inside the DLL. The calculation result was saved to an excel file by calling the office API functions. 
3.2. GIS presentation module 
The Geographic Information System (GIS), as a product of the combination traditional sciences 
(geography, cartography and surveying) with modern science and technology (computer science, etc.), is 
gradually evolving into an integrated modern discipline for processing spatial information. GIS is an 
effective managing tool for the geographical information resources, and its powerful databases and ability 
of spatial analysis have found more and more applications in the fields of environmental impact 
assessment. 
ArcGIS Engine is a collection of GIS components and developer resources that can be embedded, 
allowing the developers to add dynamic mapping and GIS capabilities to existing applications or build 
new custom mapping applications[7]. In this software, ArcEngine was used to deploy GIS data and maps, 
and visualization of atmospheric pollution diffusion using application programming interfaces (APIs) for 
COM and .NET.  
Spatial data was the base of maps, and it stores the necessary space information of the system and 
provides data support for spatial analysis and graphics operation. The spatial data is managed by the 
internal layer database of the GIS platform. The features of real world were represented as different layers 
in a map. A new map layer was built to load the concentration information into an existing map. Then the 
embedded interpolation algorithm of the ArcGIS engine was used to constructing a raster layer and the 
interpolation results would be used to create a concentration contour lines layer. The raster values 
represented the concentrations of the regional area that we could use different colors to differ the 
pollution situation by using the embedded function in ArcGIS engine to render the raster layer. Finally, 
the raster layer and the contour layer were loaded into the map, so that the distribution of the pollutant is 
shown on the map with good visualization effect. 
3.3. Assessment document preparation module 
In this module, a report can be generated by calling the office API. The report includes the source 
information, the pollutant concentration distribution of the plume and a concentration curve at the plume 
centerline. According to the grading evaluation level method of guidelines for atmospheric environmental 
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impact assessment, the report can classifies the evaluation level based on the evaluation grading criterions 
as well. 
4. Case Demonstration 
The parameters of the emission source are as follow: 
z Source type = POINT 
z Emission rate (g/S) = 100.0 
z Stack height (m) = 100.0 
z Stack inner diameter (m) = 2.5 
z Stack exit velocity (m/s) = 25.0 
z Stack gas temperature (K) = 450.0 
z Ambient air temperature (K) = 293.0 
z Receptor height (m) = 0.0 
z Urban/Rural option = Urban 
z Wind direction = Northeastern 
The model examines a range of stability classes and wind speeds to identify the “worst case” 
meteorological conditions intended to estimate maximum ground-level concentrations. The representation 
of the concentrations in a map is shown as Fig. 2.  
 

Figure 2 Contour representation of pollutant concentration of a plume 
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5. Conclusion 
A GIS-based software was developed as a computer aided tool for EIA of atmospheric pollution 
dispersion. A Fortran code named SCREEN3 was used to calculate the pollutant concentration, and the 
graphic user interface was written in C#. ArcEngine was used for visualization of modeling results. The 
developed tool can be used for environmental impact assessment based on screen scheme. The 
visualization technology can be used for atmospheric EIA using other schemes with more complex 
evaluation models. 
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